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INTRODUCTION  
 
In civil engineering, concrete is a most composite material widely used in construction work 
(Alwi, 2009). Concrete is a material produced from several materials such as cement, coarse and 
fine aggregates, and water mixture. These materials are supplemented by specific mixing rate as 
established for obtaining the desired criteria. Highly demand for the use of concrete as a building 
material due to several factors, which is material for the production of concrete is easily available 
and cheap (Dina, 2006). In addition, concrete is a material with the highly strength compared to 
other building materials.  
 Based on Ramachandrudu (2012), coconut shell was used as an aggregates replacement 
in the manufacture of lightweight concrete. The selection of coconut shell as lightweight 
concrete material is one of the efforts to reduce pollution resulting from the disposal of solid 
waste material. According to the article (“Coconut in India,” 2011), coconut grown in over 86 
countries worldwide and generates more than 54 billion nuts per annum (Yerramala, 2012). With 
the use of coconut shell as a replacement material in the construction industry, indirectly reduce 
the costs production of concrete and the disposal of waste (Gunasekaran et al., 2012).  
 Coconut shells have been used in the manufacturing of lightweight concrete, indirectly 
creating new inventions that could be studied more in the future in order to improve the concrete 
manufacturing industry as well as save costs and reduce solid waste disposal. Therefore, this 
research is conducted to identify the potential use of coconut shell as an aggregates replacement 
in concrete mixture. 
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EXPERIMENTAL INVESTIGATION 
 
Materials used 
The materials used for this study were Portland cement, fine aggregate, coarse aggregate and 
coconut shell. The coconut shells were going through the process of grading by crushing the 
coconut shell to get roughly the same size with the coarse aggregates used.  
 
Sample Preparation 
A concrete mix of ratio of 1:2:4 by weight, with a water cement ratio of 0.5 was used as control, 
to which the properties of all other mixes were compared. The percentage of coconut shell that 
was replacing the natural coarse aggregates was 0%, 10%, 20%, and 30%. Due to high water 
absorption of coconut shell, they were presoaked in water for 24 hours, prior to mixing. Three 
specimens were prepared for each parameter to be tested. Cubes are cleaned and oiled to prevent 
the formation of bond between concrete and molds. After placing fresh concrete in molds, it was 
allowed to set for 24 hours. Concrete cubes were kept in curing tank for 7 and 28 days. After 28 
days, concrete cubes were removed from curing tank to conduct test on hardened concrete. 
 
Testing Procedure  
 
Compressive Strength Test 
  
Compressive test is a test to measure the strength of the concrete where the different grade and 
age of concrete will give the different strength. This testing was the one of the destructive test 
based on specification BS 1881: Part 116: 1983 (British Standard Institution, 1983). This testing 
also uses the compressive strength machine to determine the level of cubes strength. 
i. Water Absorption Test 
Water absorption test is a test to determine the rate of absorption of sample of concrete. The 
saturated surface dry samples were kept in hot air oven for 24 hours at the temperature 105ºC 
until a constant weight was attained. The sample was removed from the oven were allowed to 
cool to room temperature. These samples were then completely immersed in water for 24 hours 
and weight gain was measured until constant weights were reached. 
 
ii. Ultrasonic Pulse Velocity Test 
Ultrasonic pulse velocity (UPV) testing of concrete is to indicate the presence of voids and 
cracks, honeycombing and to evaluate the effectiveness of crack repairs. It is also applicable to 
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indicate changes in the properties of concrete, and in the survey of structures, to estimate the 
severity of deterioration or cracking. When used to monitor changes in condition over time, test 
locations are to be marked on the structure to ensure that tests are repeated at the same positions. 
The transducer was firmly attached to concrete sample surface using a gel or grease to vibrate the 
concrete. They were connected by cable to a control box which contains a pulse generator, 
timing circuit and digital display. Then, the pulses go through the concrete and reached the 
receiver. The digital display indicates the time for the ultrasonic pulse to travel between 
transmitting and receiving transducers. 
 
RESULTS AND ANALYSIS 
 
Compressive Strength 
Figure 1 indicates that the strength of the concrete cube samples increases with increasing 
age. At day 28 where concrete has reached a matured stage, the concrete had high strength 
compare with strength of concrete at 7 days. This pattern was same for each percentage 
replacement of coconut shell. However, the strength of concrete was decreased with increasing 
the percentages replacement of coconut shell. 
 
 
 
 
 
 
 
 
 
 
Figure 1: Strength versus age of Coconut Shell concrete 
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Relationship between Compressive Strength and Density 
 
The results of the compressive strength tests are shown in Table 1. The result indicates the 
density for control concrete which is 0% of coconut shell have higher value of density which is 
2350 kg/m3 and concrete with 30% percentage replacement of coconut shell have a lower density 
which is 1880 kg/ m3. From these data, it can be concluded that the density of concrete will 
decrease if the coconut shell were included into concrete. 
       From the data collected, there was good relationship between the parameters. The 
compressive strength of concrete increased when the density of concrete increased. However, the 
strength of concrete sample decreased when the percent replacement of coconut shell increased. 
Figure 2 and Figure 3 illustrate the compressive strength of concrete for 7 and 28 days, 
respectively. 
 
Table 1: Compressive Strength and Density of Coconut Shell concrete 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Percentage  Compressive 
Strength (MPa) 
Density 
(kg/m3) 
7days 28days 
0% 31.9 41.5 2350 
10% 26.7 35.8 2150 
20% 25.7 30.7 2130 
30% 8.6 9.3 1880 
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Figure 2: Strength versus Density of Coconut Shell Concrete at 7 days 
 
 
 
 
 
 
 
 
 
Figure 3: Strength versus Density of Coconut Shell at 28 days 
Water Absorption  
 
Figure 4 illustrates the relationship between the rates of water absorption to the percentage 
content of coconut shell. From the graph plotted, the rate of water absorption was proportional to 
the percentage content of coconut shell. As the percentage of coconut shell increase, the rate of 
water absorption also would increase. From the graph, control sample which does not contain 
coconut shell had the lowest rate of water absorption that was 5.00 %. Therefore, as the 
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percentage of coconut shell increased, the rate of water absorption also increased. For the sample 
with 30% of the percentage replacement of coconut shell has the highest rate of water absorption  
which was 9.50%. 
 
 
 
 
 
 
 
Figure 4: Water absorption versus percentage of coconut shell 
 
Relationship between Water Absorption and Density  
 
The rate of water absorption was proportional to the density of the sample as shown in Figure 5. 
As the density of the sample increased, the rate of water absorption also increased. From the 
graph, the control sample which does not contain coconut shell with a density 2340 kg/m3 has 
the lowest rate of water absorption which was 5.0%. Further increased in density would cause 
the rate of water absorption of the sample increase to 5.4%, 6.4% and 9.5% respectively. The 
highest rate of water absorption was 9.5%, which was recorded from the sample with a density of 
1900 kg/m3. 
 
 
 
 
 
 
 
Figure 5: Water absorption versus density of Coconut Shell concrete 
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Ultrasonic Pulse velocity (UPV)  
 
Ultrasonic pulse velocity test was the non-destructive methods of testing on harden concrete to 
measure the quality of the concrete. Figure 6 illustrates the relationship between the velocities of 
concrete to the age of sample. From the graph plotted, the highest velocity of the pulse in the 
concrete recorded from the control sample which is 4.17 km/sec in 7 days and 4.29 km/sec in 28 
days. As 10% of the coconut shell replacement level is added into the sample, the velocity of the 
pulse in the concrete decreased to 3.77 km/sec in 7 days and 3.5 km/sec in 28 days when 
compared to the control sample. Further increasing in percentage content of coconut shell from 
20% to 30% caused the velocity of the pulse in the concrete decreased. The samples with 30 % 
of the coconut shell replacement level have the lowest velocity of the pulse in concrete which is 
1.50 km/sec in 7 days and 1.85 km/sec in 28 days respectively. 
 
 
Table 2: Data collection for concrete quality grading 
 
 
 
 
 
 
 
 
 
 
 
 
 
Percentages of 
Coconut Shell 
Velocity (km/sec) Concrete Quality 
Grading 
7 days 28 days 
0% 4.17 4.29 Good 
10% 3.77 3.50 Good 
20% 2.59 2.21 Doubtful 
30% 1.50 1.85 Doubtful 
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Figure 6: Velocity versus age of Coconut Shell concrete  
 
CONCLUSIONS 
 
Based on the research work described in the proceeding chapters, several conclusions can be 
drawn. The increasing in percentage replacement of coarse aggregates by coconut shell reduced 
the compressive strength and density of concrete. The rate of water absorption was influenced by 
the content of coconut shell. The rate of water absorption would increase as the percentage of 
coconut shell increased. In addition, the velocity travelled by the ultrasonic pulse in control 
sample and sample with 10 % replacement of coconut shell was greater than 3.5 km/sec. The 
quality of control sample and concrete with 10% replacement of coconut shell was good. 
Increasing in percentage of coconut shell caused the velocity of the pulse in the concrete 
decreased. 
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